Within the framework of staircase infinitely deep (SIW) potential well model the effect of dielectric constant mismatch between the size-quantized semiconducting wire, coating and surrounding environment on impurity binding energy is considered.
Introduction
Many researchers are interested in quasi-one-dimensional (Q1D) and quasi-zerodimensional (Q0D) nanoheterostructures because of the scientific aspects of the phenomena and the extraordinary possibilities of numerous applications [1] [2] [3] . The properties of these kinds of structures are due to their geometrical sizes and forms, and their component characteristics. As a consequence the electron gas topology for nanoheterostructures becomes a new degree of freedom [4] [5] [6] [7] .
In designing the semiconductor heterostructures it is important to take into account the difference of its dielectric constants (DC).
As it is known in most semiconductors the DC 10 ≥ χ , therefore the Coulomb interaction of charge carriers with the impurity center is reduced, and the energy of binding states has characteristic values of about a few meV.
In low-dimensional systems the interaction between charged particles increases with the decreasing of characteristic dimensions of the system, since the field of charges in the surrounding medium begins to play a marked role.
If the DC of the environment is less than the DC of the system, the interaction becomes stronger than in the uniform system. In the quasi-two-dimensional system size quantized semiconductor layer, the mismatch of the DC-s is taken into account in the works [8] [9] [10] [11] .
Many papers are devoted to the study of impurity states in Q1D
nanoheterosystems, but in the most of them the DC mismatch inside and outside the quantum well wires is neglected [4, 5, 7, 12] . The effect of DC mismatch GaAs rectangular quantum wire surrounded by Ga Al As x x 1− on electron and shallow donor impurity states in the case of both finite and infinite potential barier is studied in [13] .
In this paper we report the calculation of the interaction of two charged particles in the circular semiconductor wire with the coating in the environment surrounding the system. The calculations are done with regard to DC mismatch of the wire, coating and surrounding medium and its effect on binding energy of the impurity center located on the wire axis is considered. The effect of the magnetic field applied in direction of the wire axis on binding energy with presence of DC mismatch is studied as well.
Impurity center potential
Consider the system consisting of the semiconducting wire of radius 1 R , with the DC 1 χ , having the coating of radius 2 R and the DC 2 χ , immersed in the infinite environment with the DC 3 χ (Fig. 1, a) .
Solving Poisson's equation for the above mentioned nonhomogeneous system taking into account standard continuity conditions on the interfaces of "wire-coating"
( 1 R r = ) and "coating-environment" ( 2 R r = ) we get the expression for the potential of impurity center as: 
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In the case of a homogeneous system ( 
Note, that to the three different cases:
, corresponds the same physical situation: wire in the infinite environment with a different DC. In the above considered cases, from Eq. (1)-(7) follow the known expressions for the potential of point charge in the wire ( R r ≤ ) and surrounding environment ( ∞ < ≤ r R ) (see, e.g. [14] ).
Binding energy calculation
In the considered system, within the framework of the SIW model the potential energy of an electron is of the form ( Fig. 1, b ):
where V 0 is the value of the potential energy jump at the boundary of the wire and the coating layer. Within the framework of effective mass approximation the electron states in SIW are studied in [15] .
To calculate the impurity binding energy following [7, 15] , we take the ground state trial wave function in the form: 
The binding energy of the impurity is defined as the difference of the ground state energy of the system without impurity, i.e., ε 10 , and the ground state energy ( ) Turning to the dimensionless parameters and using the expression (1) one can get for the binding energy:
where:
When m m
and R 2 → ∞ from formula (13) follows the result of work [7] . However, if m m 1 2 ≠ , then at R 2 → ∞ from (13) we obtain an expression differing from the one in [7] by the first term in the square brackets which means the decrease of the binding energy in compared with the [7] result.
Calculation of the binding energy in a magnetic field
Electron states in SIW in the presence of magnetic field, applied along the wire axis, were examined [16] , and for the eigenvalues of energy was found the expression: [16, 17] we take the ground state trial wave function in the form: . (23) with the following notations: 
Conclusion
Thus, according to the obtained results, the regard of wire, coating and environment DC mismatch can appreciably effect on the binding energy of the impurity center, and this effect increases with the rise of system inhomogeneity, caused both by the increase of alloy concentration and the decrease of the DC of coating and environment. When we take into account the DC mismatch, the binding energy is higher in the SIW, than in the infinite environment surrounding the wire, however the last system is more sensible to inhomogeneity.
The presence of a magnetic field leads to a rise of the binding energy, at that its velocity rise depending on magnetic field increases both with the decreasing alloy concentration and the decreasing DC of coating and environment.
According to the obtained results one can ascertain, that the neglecting of dielectric mismatch of the system in calculating binding energy leads to considerable errors, especially when the wire radius is decreasing and the alloy concentration is increasing. Fig. 1 . 
